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(57) ABSTRACT

A method of preparing an active pixel cell on a substrate
includes exerting a first stress on the substrate by forming a
shallow trench isolation (STI) structure in the substrate. The
method further includes testing the stressed substrate using
Raman spectroscopy at a plurality of locations on the stress
substrate. The method further includes depositing a stress
layer having a second stress on the substrate. The stress layer
covers devices of the active pixel cell that are on the substrate
and the devices include a photodiode next to the STI and a
transistor, and the deposition of the stress layer results in the
second stress being exerted on the substrate, the second stress
countering the first stress.

20 Claims, 8 Drawing Sheets

600

| Create STI structures on a substrate

|'\/601

!

| Measure Raman peak shift on the substrate |f\,602

{

| Select a film stress for a stress layer

|»\/603

!

Deposit the stress layer with the selected film
stress on the substrate

{

| Create interconnect for the CISs

End



US 9,299,734 B2

(51) Imt.ClL
HOIL 29/78 (2006.01)
HOIL 21/324 (2006.01)
HOIL 21/8238 (2006.01)
(56) References Cited

7,534,678
7,618,857
7,623,223
7,897,479
7,902,037
8,233,066

8,728,852

U.S. PATENT DOCUMENTS

Page 2
2006/0006436 Al 1/2006 Mouli
2007/0105337 Al 5/2007 Chen et al.
2008/0026523 Al 1/2008 Leeetal.
2009/0057735 Al 3/2009 Beak et al.
2009/0225209 Al 9/2009 Arakawa
2009/0250733 Al 10/2009 Adkisson et al.
2010/0224766 Al 9/2010 Tateshita

FOREIGN PATENT DOCUMENTS

B2 5/2009 Lee et al. KR 10-2007-0017522 2/2007
B2 11/2009 Leong et al. KR 10-2008-0087612 10/2008
B2* 11/2009 Naka ........ccceeenn GOIN 21/65 WO WO 2005/112127 11/2004
356/32
B2* 3/2011 Lin ..o HO1L 21/823807 OTHER PUBLICATIONS
257/374
B2* 3/2011 Bun ..o Hoggﬁ é/z 716§3‘2 Office Action dated Jun. 14, 2013 from corresponding application
B2* 7/2012 Zheng .............. HOIL 27/1461  Yo- CN201010529469.6.
257/432
B2* 5/2014 Tatani ............ HOI1L 27/1463 . .
438/73 * cited by examiner



U.S. Patent Mar. 29, 2016 Sheet 1 of 8 US 9,299,734 B2
100
101 110
102 104 1<07§v 108% 102 v~
y — e o b
STI/[—EI;——’J \ 1 A\ STI
111 ‘ 2 106 102
( (
109 105
P-epitaxial layer 120
2 /2\/150

Fig. 1



U.S. Patent Mar. 29, 2016 Sheet 2 of 8

( Start )

J

US 9,299,734 B2

Deposit a protective dielectric layer on a substrate[~_ 201

Pattern the substrate to define STI areas

|

Remove the protective dielectric layer in the
defined STI areas

J

Perform silicon trench etch

~— 206

|

Remove residual photoresist and remaining
protective dielectric layer

~— 207

|

Deposit a liner

dielectric layer

~— 208

|

Deposit a gap-fill dielectric layer

~— 210

|

Remove dielectric

layers outside STIs

~—211

/

End

Fig. 2



U.S. Patent

Peak Shift (cm-1)

Peak Shift (cm1)

Mar. 29, 2016 Sheet 3 of 8 US 9,299,734 B2
.o .
high high
T 304 TCompressive
303 stress
ow |/_ 2302 ___ Sillicon bascline 1%
520.7 301
STI process operation g
Fig. 3A
. ‘ .
high high
T TCompressive
stress
low low
5207~~~ TTTTTTTTT T -
low > high

Dark Current

Fig. 3B



U.S. Patent Mar. 29, 2016 Sheet 4 of 8 US 9,299,734 B2

102
( 3 (
) )
STI
322 322
Fig. 3C
100
101 402
tensile\stress
, (o
) F——\\ STI
102 403 102
compressive stress
P-epitaxial layer 120

z o

Fig. 4




U.S. Patent Mar. 29, 2016 Sheet 5 of 8 US 9,299,734 B2

high
/
—
502 .
e
%
current 501 counts
low
> high
low tensile film stress '
Fig. 5A
high high
, | A
|
|
Tensile ! Compressive
Stress < : 5 Stress
|
[
512 : 511
low ! low
520.7 cm'1
> high
low R aman Peak Smft . 18

Fig. 5B



U.S. Patent Mar. 29, 2016 Sheet 6 of 8 US 9,299,734 B2

600
1
Create STI structures on a substrate ~— 601

Y

Measure Raman peak shift on the substrate [~ 602

Y

Select a film stress for a stress layer ~— 603

Y

Deposit the stress layer with the selected film
stress on the substrate

Y

Create interconnect for the CISs ~— 606

Y
End

Fig. 6A



U.S. Patent Mar. 29, 2016 Sheet 7 of 8 US 9,299,734 B2

632
633 635
634
Fig. 6B
412
)
? § 401
{ <) {
411

Fig. 6C



U.S. Patent Mar. 29, 2016 Sheet 8 of 8 US 9,299,734 B2

631
( Start )
\
Create STI structures on a substrate ~— 631
\
Complete formation of CIS devices I~ 634
\
Deposit a stress layer with a selected stress on 635
the substrate
\
Create interconnects for the CISs ~_ 636
\
End

Fig. 6D



US 9,299,734 B2

1
METHODS OF STRESS ENGINEERING TO
REDUCE DARK CURRENT OF CMOS IMAGE
SENSORS

CLAIM OF PRIORITY

The present application is a continuation of U.S. applica-
tion Ser. No. 13/494,769, filed Jun. 12, 2012, which is a
divisional of U.S. application Ser. No. 12/768,063, filed Apr.
27, 2010, the disclosures of which are both incorporated
herein by reference in their entireties.

FIELD

This application relates to complementary metal-oxide-
semiconductor (CMOS) image sensors and, more particu-
larly, to reducing dark current of CMOS image sensors.

BACKGROUND

Complementary metal-oxide-semiconductor (CMOS)
image sensors (CIS) are gained popularity recently because
of the advantages, such as ability of on-chip signal process-
ing, and low cost and low power consumption, compared to
other types of image devices. In addition, chip industry’s
steady march to finer sub-micron nodes, combined with add-
ing more features on a per-pixel basis, continues to push CIS
solutions ahead of charge-coupled devices (CCDs). CIS tech-
nology makes it possible to integrate imaging, timing, and
readout functions all on the same device. CIS technology also
enables practical system-on-a-chip solutions that serve an
expanding array of display-centric applications.

Dark current is one of the important parameters used to
characterize the performance of an image sensor. Dark cur-
rent (leakage current) is electric current that flow through
photosensitive devices, such as photodiodes, when no pho-
tons are entering the devices. As the pixel sizes decrease, the
amount of photons received by the photodiodes of CIS also
decreases. As a result, the effect of dark current becomes
more pronounced. Therefore, minimizing dark current is a
critical issue for advanced CIS. It is within this context the
following disclosure arises.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be readily understood by the
following detailed description in conjunction with the accom-
panying drawings, and like reference numerals designate like
structural elements.

FIG. 1 shows a cross-sectional view of an active pixel cell,
in accordance with some embodiments.

FIG. 2 shows a process flow of preparing an ST structure,
in accordance with some embodiments.

FIG. 3A shows peak shifts at a number of stages of STI
creation of a substrate by using Micro-Raman spectroscopy,
in accordance with some embodiments.

FIG. 3B shows a correlation between Raman peak shiftand
dark current, in accordance with some embodiments.

FIG. 3C shows high stress occurring at the lower corners of
STI (corners 322), in some embodiments.

FIG. 4 show a stress layer deposited over devices of an
active pixel cell, in accordance with some embodiments.

FIG. 5A shows a diagram of dark current and white cell
counts as a function of tensile film stress of a stress layer
deposited over the active pixel cell, in accordance with some
embodiments.
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FIG. 5B shows a correlation diagram between film stress
and Raman peak shift, in accordance with some embodi-
ments.

FIG. 6A shows a process flow of depositing a stress layer
on a substrate with photodiode devices to reduce dark current
and white cell counts of such devices, in accordance with
some embodiments.

FIG. 6B shows a schematic diagram of five areas on the
substrate where Peak shift data of Raman Spectroscopy are
taken, in accordance with some embodiments.

FIG. 6C shows the stress layer being made of two sub-
layers, in accordance with some embodiments.

FIG. 6D shows a process flow of depositing a stress layer
on a substrate with photodiode devices to reduce dark current
and white cell counts of such devices, in accordance with
some embodiments.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENT

Itis to be understood that the following disclosure provides
many different embodiments, or examples, for implementing
different features of the invention. Specific examples of com-
ponents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not intended to be limiting. In addition, the present dis-
closure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of sim-
plicity and clarity and does not in itself dictate a relationship
between the various embodiments and/or configurations dis-
cussed.

FIG. 1 shows a cross-sectional view of an active pixel cell
100, in accordance with some embodiments. The active pixel
cell 100, which is a CIS, has a photodiode 105, a transistor
101, and isolation structures 102. Details of a portion 110 of
the pixel cell 100 are not shown. The portion 110 could
include one or more transistors, diffusion region(s), and addi-
tional isolation structure(s). The active pixel cell 100 could be
any type pixel cell, such as 5T (5 transistors), 4T, 3T, or 1T
pixel cell. The transistors, such as 4 transistors for 4T pixel
cell, in the active cell 100 are used to control the operation of
the active pixel cell 100. In some embodiments, transistor 101
is an NMOS (n-type metal-oxide-semiconductor) and the
photodiode 105 is an n-type photodiode, both of which are
created on a P-epitaxial layer 120. The P-epitaxial layer 120
is disposed over a silicon substrate 150. In some embodi-
ments, the photodiode 105 includes a P-type pinning layer
104. The transistor 101 includes a gate dielectric layer 106, a
gate layer 107, and spacers 108. Each of the gate dielectric
layer 106, the gate layer 107, and the spacers 108 can be made
or one or more layers. In some embodiments, the isolation
structures 102 are shallow trench isolation (STI) structures,
which may include a liner dielectric layer 109 and a gap-fill
dielectric layer 111.

In some embodiments, the isolation structures 102 are
created before the formation of photodiode 105 and transistor
101. During the creation of the isolation structure 102, stress
is introduced to silicon in the silicon substrate 150, or more
precisely silicon in the epitaxial layer 120. If the isolation
structure 102 is an STI structure, its creation may involve
photoresist patterning, silicon etching, dielectric film depo-
sition, etc.

FIG. 2 shows a process flow 200 of preparing an STI
structure, in accordance with some embodiments. Process
flow 200 includes an operation 201 of depositing a protective
dielectric layer, which is used to protect silicon surface during
trench etch, on the silicon substrate (or more precisely on the
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epitaxial layer of the silicon substrate). After the deposition of
the protective dielectric layer, the substrate is patterned to
define areas of STIs at operation 203. The patterning opera-
tion includes, but is not limited to, depositing a photoresist
layer, and photolithography. In some embodiments, process
flow 200 includes an optional operation 202 of depositing an
anti-reflective coating (ARC) layer before operation 203. In
some embodiments, a silicon oxynitride layer is used as the
ARC layer. The ARC layer is deposited to help the lithogra-
phy of the STT structures, such as STIs 102. After STI pattern
is created, the substrate undergoes an etch to remove the
protective dielectric layer exposed after patterning at opera-
tion 205, which is then followed by a silicon trench (shallow
trench) etch to create isolation trenches at operation 206. If an
ARC layer is used, operation 205 also includes removing the
ARC layer prior to Si trench etch. Following operation 206,
the residual photoresist (or post-etch photoresist) and the
remaining protective dielectric layer are removed from the
substrate at operation 207. If an ARC layer is used, operation
207 includes removing the ARC layer.

After operation 207, a liner dielectric layer is grown to line
the shallow isolation trenches (STIs) at operation 208. The
liner dielectric layer can be a silicon dioxide layer grown by
using an oxygen-containing process gas a high temperature,
such as 900-1100° C. In some embodiments, the thickness of
the liner layer is between about 25 A to about 250 A. The high
process temperature and the growth of the liner layer help to
repair the damage caused by silicon etch (or shallow trench
etch). In some embodiments, after the growth of the liner
layer, such as liner dielectric layer 109 of FIG. 1, the substrate
undergoes a post-growth anneal at a high temperature, such as
900-1100° C., in an inert environment (also during operation
208). Such a high temperature anneal is used to prevent (or
reduce, or repair) silicon crystal defects. Following the oxide
growth and post-growth anneal, a dielectric gap-fill layer,
such as gap-fill dielectric layer 111 of FIG. 1, is deposited to
fill the STTs, at operation 210. In some embodiments, an oxide
layer is deposited using a plasma process, such as a high-
density plasma (HDP) process.

After operation 210, the dielectric layers, including the
gap-fill layer and the liner layer, outside STIs are removed at
operation 211. In some embodiments, the excess dielectric
layers are removed by chemical-mechanical planarization
(CMP) process(es). After the STI structures are created, addi-
tional process sequence is performed to create the transistor
and the photodiode. For example, the additional processes
may include film deposition, photoresist patterning,
implant(s), etching, etc.

During the creation of STIs, the silicon substrate (or more
precisely the epitaxial layer) undergoes various process
operations, which introduce damage and stress to the Si sub-
strate. For example, STI etch (or silicon trench etch) removes
silicon from the substrate and introduces damages to the
substrate. The growth of oxide liner layer, post-growth
annealing and deposing gap-fill oxide to fill the STI would
introduce stress to the silicon substrate due to lattice mis-
match. FIG. 3A shows peak shifts at a number of stages of STI
creation of a substrate by using Micro-Raman spectroscopy,
in accordance with some embodiments. The data shows that
the Raman peak shift is about 520.7 cm™! before the process-
ing sequence of STI creation (point 301, silicon base). In FIG.
3 A, data point 303 is taken on a substrate at an operation after
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the operation of data point 302. Similarly, the operation of
data point 304 is after data point 303. The operations of
substrate processing for creating STI, such as the operations
described in FIG. 2, result in increasing Raman peak shift
(cm™"), which indicates a compressive stress being exerted on
the substrate.

As mentioned above, point 301 of FIG. 3 A is taken before
STI creation. As processing progresses, the compressive
stress exerted on the substrate increases. FIG. 3B shows a
correlation between Raman peak shift and dark current, in
accordance with some embodiments. As Raman peak shift
increases, the compressive stress exerted on the substrate
increases and results in an increase in dark current, as indi-
cated by curve 311. Curve 311 is only exemplary. The rela-
tionship between Raman peak shift and dark current can be
linear, or non-linear. Other shapes of curves are also possible,
as long as the curves show an increase in Raman peak shift
correlating to an increase in dark current.

As mentioned above, higher Raman peak shift is an indi-
cation of higher compressive stress. Stress simulation study
of STT structure indicates that very higher stress could occur
at the lower corners of STI (corners 322), as shown in FIG.
3C, in some embodiments. FIG. 1 shows that the high stress
corner (corner 322) of STI structure 102 is very close to
photodiode 105. The compressive stress of STI creation
directly affect the neighboring photodiode(s) and leads to
increase in dark current. High dark current in photodiodes can
make the photodiodes inoperable and become “white (pixel)
cell” (or non-functional cell).

FIG. 4 show a stress layer 401 deposited over devices of an
active pixel cell 100, in accordance with some embodiments.
The active pixel cell 100 includes a photodiode 105 disposed
between a shallow trench isolation (STI) structures 102 and
NMOS transistor 101, which are similar to those in FIG. 1. In
some embodiments, the creation of the STI structures, such as
STIs 102, exerts a compressive stress 403 on the substrate.
Depositing a stress layer 401 on the active pixel cell 100 with
a tensile stress 402 to counter the compressive stress 403
exerted by STIs 102 would reduce the occurrence (or magni-
tude) of dark current in photodiode 105. In some embodi-
ments, the tensile stress 402 of layer 401 should be propor-
tional to the compressive stress 403 exerted by the STIs onthe
substrate 150. The higher the compressive stress 403, the
higher the tensile stress 402 is needed to counter the com-
pressive stress and to reduce dark current.

In addition, the tensile stress exerted by the stress layer 401
on NMOS transistor 101 increases the mobility of the tran-
sistor. As a result, depositing the stress layer 401 has an added
benefit of improved NMOS transistor mobility, which would
make the NMOS transistor faster and improve image lag. The
stress layer 401 can be any dielectric film, such as silicon
nitride, silicon oxynitride, silicon oxide, etc., is a part of
pre-metal dielectric (PMD) layer. Additional dielectric
layer(s) can be deposited over the stress layer to complete the
formation of the PMD layer.

Table 1 shows the reduction of white cell counts and dark
current, and the increase in N-carrier mobility of NMOS
when an 1 GPa nitride film is deposited over the active pixel
cell, as shown in FIG. 4. The data show that both dark current
and white cell counts are reduced by 7% with the deposition
of'the 1 GPa nitride film over the devices.
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TABLE 1

White cell count and dark current reduction with
the deposition of a tensile film over the photodiode
and transistor(s) of active pixel cell.

% of change

White Cell Counts
Dark Current
N-carrier mobility of NMOS

7% reduction
7% reduction
5% increase

With the deposition of a tensile film, the white cell counts
and dark current are reduced. FIG. 5A shows a diagram of
dark current and white cell counts as a function of tensile film
stress of a stress layer deposited over the active pixel cell, in
accordance with some embodiments. Curve 501 shows
decreasing dark current with increasing tensile film stress and
curve 502 shows decreasing white cell counts with increasing
tensile film stress. Curves 501 and 502 are merely examples
used to demonstrate increasing tensile film stress helps to
reduce dark current and white cell counts. Other shapes of
curves are also possible. One thing to note is that the tensile
film stress cannot be unlimited increased to a very high value,
because high film stress could cause the film and/or the sub-
strate to crack.

As mentioned above, different processes can be used to
prepare devices of active pixel cell, and different processes
and/or process sequences can be used to prepare STIs, pho-
todiodes, and transistors on the substrate. As mentioned
above, Raman spectroscopy can be used to measure the com-
pressive stress exerted on the substrate by STI creation. The
higher the peak shift, the higher the compressive stress.

FIG. 5B shows a correlation diagram between film stress
and Raman peak shift, in accordance with some embodi-
ments. Curve 511 shows a correlation between compressive
stresses exerted on a substrate to measurement of Raman peak
shift on the substrate. To counter higher compressive stress, a
tensile film with higher stress needs to be deposited. Curve
512 shows a correlation between tensile film stress for a stress
film that is deposited over devices of active pixel cell to
counter the compressive stress exerted on the substrate. By
depositing a stress layer with a countering stress to the stress
exerted on the substrate, the dark current and white cell counts
can be reduced. In the example described above, the stress
exerted on the substrate before the stress layer is deposited is
compressive and a countering tensile stress layer is deposited.
If the stress exerted on the substrate is tensile, the tensile
stress can also increase dark current and white cell counts.
Under such circumstance, a stress layer with a countering
compressive stress would need to be deposited to reduce the
negative effect of the tensile stress in increasing dark current
and white cell counts. Curves 511 and 512 shown in FIG. 5B
are merely examples. Other shapes of curves that demonstrate
the correlation of higher stress (compressive stress on sub-
strate and tensile stress of stress layer) with higher Raman
peak shift also apply.

Curves 511 and 512 can be established (or characterized)
for substrate processing to create active pixel cells (or CIS
devices) to determine how tensile the stress layer (a dielectric
film) need to be to counter the compressive stress exerted on
the substrate. In addition to STI creation, other substrate
processing operations, such as gate dielectric deposition, etc.,
can introduce stress on the substrate. In some embodiments,
before the tensile film is deposited, a Raman spectroscopy can
be applied on the substrate to determine how much compres-
sive stress has been introduced by substrate processing.
Based on the measurement of Raman peak shift and estab-
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lished correlation curves, such as curves 511 and 512, a
tensile film stress that counters the measured compressive
stress can be identified. Based on the identified tensile stress,
a particular film deposition recipe that will produce the iden-
tified tensile film stress can be selected and be used to deposit
the stress layer, such as layer 401 of FIG. 4.

FIG. 6A shows a process flow 600 of depositing a stress
layer on a substrate with photodiode devices to reduce dark
current and white cell counts of such devices, in accordance
with some embodiments. In some embodiments, the photo-
diodes are part of active pixel cells of CISs. Process flow 600
starts with operation 601 of processing a substrate to create
STI structures on a substrate. In some embodiments, the
process operations involved in creating STI structures are
those described above in associated with FIG. 2. After opera-
tion 601, Raman spectroscopy to is used to measure peak shift
on the substrate at operation 602, in accordance with some
embodiments. In some embodiments, the measurement is
made right after STI creation. In some other embodiments,
the measurement is made after devices of active pixel cells are
defined and right before the deposition of PMD (pre-metal
dielectric) layer. If the measurement is made after the devices
ofactive pixel cells are defined and right before the deposition
of PMD layer, additional processing take place at operation
601 after STI structures are defined. The additional process-
ing may include, but are not limited to, planarization(s), depo-
sition(s), photoresist patterning(s), etching(s), implant(s),
anneal(s), etc. Such additional processing operations are used
to create devices and can occur either at operation 601 or 602.

In some embodiments, one of the active pixel cells includes
a photodiode, a transistor(s), and an isolation structure(s).
Raman spectroscopy measures the peak shift (cm™) of the
substrate after the devices of photodiodes, transistor, and
isolation structures have been prepared. In some embodi-
ments, the scanning width of the Raman spectroscopy is
about 1 um for each data point. In some embodiments, 5 areas
on the substrate have been scanned, and 40 points are scanned
in each area (total width of 40 pm) to increase the accuracy of
the data collected. FIG. 6B shows a schematic diagram of 5
areas (locations), areas 631, 632, 633, 634, and 635, on the
substrate where Peak shift data of Raman Spectroscopy are
taken, in accordance with some embodiments. Measuring
Raman peak shift after the active pixel cell devices have been
prepared and before the PMD deposition has the advantage of
measuring the overall (or accumulated) stress impact on the
substrate (including stress contribution other than STI cre-
ation), in comparison to measuring peak shift right after STI
creation. As mentioned above, Raman peak shift can be cor-
related to stress exerted on the substrate. In addition, the film
stress exerted on the substrate due to substrate processing can
be compressive or tensile.

After the Raman peak shift data are collected, a film stress
of'astress layer is selected based on the Raman peak shift data
atoperation 603. A recipe for the stress layer with the selected
film stress can be created or retrieved. As described above in
FIG. 5B, the film stress of the stress layer, which is used to
counter the film stress exerted on the substrate by previous
processing, such as STI creation and/or other processes, is
correlated to the Raman peak shift. If they stress exerted on
the substrate was compressive stress, the film stress of the
stress layer, such as layer 401 of FIG. 4, should be tensile. On
the other hand, if the stress exerted on the substrate was
tensile, then the film stress of the stress layer should be
compressive. The role of the stress layer is to provide a stress
to counter the stress exerted on the substrate. Higher com-
pressive stress exerted on the substrate would require a higher
tensile stress from the stress layer to counter the effect of
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stress induced dark current and white cells. Further, as men-
tioned above, if the stress layer has a tensile stress and the
transistors used to control the devices on active pixel cells are
NMOS, there is an added benefit of higher carrier mobility
and reduced time lag of transistors.

After the film stress is selected and the recipe is identified,
either by process development or by retrieval, a stress layer
with the selected film stress is deposited on the substrate at
operation 605, in accordance with some embodiments. In
some embodiments, the thickness of the stress layer is
between about 50 A to about 1000 A. In some embodiments,
the stress of the stress layer is a tensile stress in the range
between about 0.1 GPA to about 2 GPa. In some other
embodiments, the stress of the stress layer is a tensile stress in
the range between about 0.5 GPA to about 1.5 GPa. In some
embodiments, the stress layer is made of silicon nitride. In
some other embodiments, the stress layer is made of a silicon
nitride layer over a silicon oxide layer. The nitride stress layer
could have a high tensile stress. The oxide layer can act as a
stress buffer layer between the substrate and the nitride stress
layer to protect the nitride layer and/or substrate from peeling
from due to the tensile stress.

FIG. 6C shows the stress layer 401 being made of two
sub-layers, 411 and 412, in accordance with some embodi-
ments. In some embodiments, layer 411 is an oxide layer and
layer 412 is a silicon nitride layer. The thickness of layer 411
is between about 50 A to about 300 A and layer 412 has a
thickness between about 50 A to about 1000 A. In yet some
other embodiments, the stress layer is made of silicon oxyni-
tride or a combination of silicon oxynitride and silicon oxide.

After operation 605, the substrate undergoes additional
processing to create the interconnects for the CISs at opera-
tion 606, in accordance with some embodiments. The addi-
tional processing operations may be used to form intercon-
nect for the active pixel cell, in accordance with some
embodiments. The additional processing operations may
include, but are not limited to, depositing another layer of
dielectric layer to complete the formation of the PMD layer,
planarization, patterning, etching, metal deposition, dielec-
tric deposition, etc., to complete the formation of interconnect
and passivation. As mentioned above, the deposited stress
layer would counter the stress exerted on the substrate during
creating device regions on the substrate and reduce the occur-
rence (or magnitude) of dark current and white (pixel) cells.

The measurement of Raman peak shift on the substrate at
operation 602 and selecting a film stress for a stress layer at
operation 603 do not need to be performed before processing
each substrate. These two operations do not need to be per-
formed on a regular basis once the stress exerted on the
substrate is identified and the recipe of the stress layer is
identified. Afterwards, the substrates can be performed with
the selected recipe. Therefore, operations 602 and 603
become optional during most of the substrate processing. In
some embodiments, operations 602 and 603 of FIG. 6A are
needed during process development for the entire process
flow, when the process sequence or recipes of processing
operations before the stress layer deposition is modified, or
after system maintenance of systems that contributes signifi-
cantly to stress exerted on the substrate before the deposition
of the stress layer.

FIG. 6D shows a process flow 630 of depositing a stress
layer on a substrate with photodiode devices to reduce dark
current and white cell counts of such devices, in accordance
with some embodiments. In some embodiments, the photo-
diodes are part of active pixel cells of CISs. Process tlow 630
starts with operation 631, which is similarto operation 601, to
create STI structures. Afterwards, at operation 634, the for-
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mation of CIS devices is completed. Operation 634 may
include, but are not limited to, planarization(s), deposition(s),
photoresist patterning(s), etching(s), implant(s), anneal(s),
etc. After operation 634, the process flow proceeds to opera-
tion 635, which is similar to operation 605 described above.
The following operation 636 is similar to operation 606 of
FIG. 6A.

The active pixel cell devices described above can use front-
side illumination or backside illumination. In addition, the
transistors described above can be any type of transistors and
are not limited to transistors with a polysilicon or amorphous
silicon gate layer.

The CIS structures and methods of preparing such struc-
tures described above enable reduction of dark current and
white cell counts for active pixel cells. The process of prepar-
ing active pixel cell structures introduces stress on the sub-
strate, which could lead to increased dark current and white
cell counts of active pixel cells. By depositing a stress layer as
part of a pre-metal dielectric layer with a stress that counters
the stress induced, both the dark current and the white cell
counts can be reduced. If the transistors of the active pixel
cells are NMOS, the carrier mobility can also be increased by
a tensile stress layer. Raman Spectroscopy can be used to
measure the stress exerted on the substrate prior to the depo-
sition of the stress layer.

In one embodiment, an active pixel cell on a substrate is
provided. The active pixel cell includes a shallow trench
isolation (STI) structure, and a photodiode neighboring the
ST structure. A first stress resulted from substrate processing
prior to deposition of a pre-metal dielectric layer increases
dark current and white cell counts of a photodiode of the
active pixel cell. The active pixel cell also includes a transis-
tor, wherein the transistor controls the operation of the active
pixel cell, and a stress layer deposited over devices of the
active pixel cell. The devices comprise the photodiode, the
STI structure, and the transistor. The stress layer has a second
stress that counters the first stress exerted on the substrate, and
the second stress reduces the dark current and the white cell
counts caused by the first stress.

In another embodiment, an active pixel cell on a substrate
is provided. The active pixel cell includes a shallow trench
isolation (STI) structure, and a photodiode neighboring the
ST structure. A first stress resulted from substrate processing
prior to deposition of a pre-metal dielectric layer increases
dark current and white cell counts of a photodiode of the
active pixel cell. The active pixel cell also includes an n-type
metal-on-semiconductor (NMOS) transistor. The NMOS
transistor controls the operation of the active pixel cell. The
active pixel cell further includes a stress layer deposited over
devices of the active pixel cell. The stress layer is part of a
pre-metal dielectric layer, and the devices comprise the pho-
todiode, the STI structure, and the NMOS transistor. The
photodiode is disposed next to the STI structure, and the
stress layer has a second stress that counters the first stress
exerted on the substrate. The second stress reduces the dark
current and the white cell counts caused by the first stress and
increases the carrier mobility of the NMOS transistor.

In yet another embodiment, an active pixel cell includes a
substrate. The active pixel cell further includes a shallow
trenchisolation (STI) structure in the substrate, where the STI
structure exerts a first stress on the substrate. The active pixel
cell further includes a photodiode neighboring the STI struc-
ture. The active pixel cell further includes a transistor,
wherein the transistor is configured for controlling operation
of'the active pixel cell. The active pixel cell further includes a
stress layer over the photodiode, the STI structure, and the
transistor, wherein the stress layer has a second stress from
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about 0.1 GPa to about 2 GPa, and the second stress is oppo-
site the first stress exerted on the substrate.

One aspect of this description relates to a method of pre-
paring an active pixel cell on a substrate. The method includes
exerting a first stress on the substrate by forming a shallow
trench isolation (STI) structure in the substrate. The method
further includes testing the stressed substrate using Raman
spectroscopy at a plurality of locations on the stress substrate.
The method further includes depositing a stress layer having
a second stress on the substrate. The stress layer covers
devices of the active pixel cell that are on the substrate and the
devices include a photodiode next to the ST and a transistor,
and the deposition of the stress layer results in the second
stress being exerted on the substrate, the second stress coun-
tering the first stress.

Another aspect of this description relates to an active pixel
cell on a substrate. The active pixel cell includes a shallow
trench isolation (STI) structure configured to exert a first
stress on the substrate. The STT structure includes a liner layer
adjacent to the substrate. The liner layer has a thickness
ranging from about 25 Angstroms to about 250 Angstroms.
The active pixel cell further includes a photodiode neighbor-
ing the STI structure, wherein the first stress is configured to
increase dark current and white cell counts of a photodiode of
the active pixel cell. The active pixel cell further includes a
transistor, wherein the transistor is configured to control the
operation of the active pixel cell. The active pixel cell further
includes a stress layer over the photodiode, the STI structure,
and the transistor. The stress layer is configured to exert a
second stress on the substrate in a direction opposite to the
first stress.

Still another aspect of this description relates to a method
of preparing an active pixel cell on a substrate. The method
includes forming a shallow trench isolation (STI) structure in
the substrate, the STI structure exerting a first stress on the
substrate. Forming the STI structure includes forming a pro-
tective layer over the substrate, forming a trench in the sub-
strate through an opening in the protective layer, removing the
protective layer, and growing a liner layer in the trench. The
method further includes testing the stressed substrate using
Raman spectroscopy at a plurality of locations on the stress
substrate. The method further includes depositing a stress
layer having a second stress on the substrate. The stress layer
covers devices of the active pixel cell that are on the substrate
and the devices include a photodiode next to the STI and a
transistor, and the deposition of the stress layer results in the
second stress being exerted on the substrate, the second stress
countering the first stress.

Various modifications, changes, and variations apparent to
those of skill in the art may be made in the arrangement,
operation, and details of the methods and systems disclosed.
Although the foregoing invention has been described in some
detail for purposes of clarity of understanding, it will be
apparent that certain changes and modifications may be prac-
ticed within the scope of the appended claims. Accordingly,
the present embodiments are to be considered as illustrative
and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope
and equivalents of the appended claims.

What is claimed is:
1. A method of preparing an active pixel cell on a substrate,
comprising:
exerting a first stress on the substrate by forming a shallow
trench isolation (STI) structure in the substrate;
testing the stressed substrate using Raman spectroscopy at
a plurality of locations on the stress substrate; and
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depositing a stress layer having a second stress on the
substrate, wherein the stress layer covers devices of the
active pixel cell that are on the substrate and the devices
include a photodiode next to the STI and a transistor, and
the deposition of the stress layer results in the second
stress being exerted on the substrate, the second stress
countering the first stress.

2. The method of claim 1, further comprising forming a
silicon oxynitride anti-reflection coating on the substrate
prior to forming the STT structure.

3. The method of claim 2, further comprising removing the
silicon oxynitride anti-reflective coating following etching a
trench in the substrate and prior to forming the STI structure.

4. The method of claim 1, wherein forming the STT struc-
ture comprises growing a liner layer along sidewalls and a
bottom surface of a trench in the substrate.

5. The method of claim 4, wherein growing the liner layer
comprises growing the liner layer at a temperature ranging
from 900° C. to 1100° C. using an oxygen-containing gas.

6. The method of claim 4, wherein growing the linear layer
comprises growing the liner layer to a thickness ranging from
25 Angstroms to 250 Angstroms.

7. The method of claim 4, further comprising performing
an anneal process following growing the liner layer, wherein
the anneal process is performed at a temperature ranging from
900° C. to 1100° C. in an inert environment.

8. The method of claim 4, further comprising filling the
trench with an oxide material using a high density plasma
process.

9. The method of claim 1, wherein testing the stressed
substrate comprises using a Raman spectroscopy having a
scanning width of each location of the plurality of locations is
about 1 micron.

10. The method of claim 1, wherein testing the stressed
substrate comprises using a Raman spectroscopy at a central
point of the substrate and a plurality of points on a periphery
of the substrate, and each point of the plurality of points is
spaced an equal distance from an adjacent point of the plu-
rality of points.

11. The method of claim 1, further comprising forming an
interconnect structure over the substrate, wherein the inter-
connect structure is connected to the active pixel cell.

12. A method of preparing an active pixel cell on a sub-
strate, comprising:

forming a shallow trench isolation (STI) structure in the

substrate, the STI structure exerting a first stress on the
substrate, wherein forming the STI structure comprises:
forming a protective layer over the substrate,
forming a trench in the substrate through an opening in
the protective layer,
removing the protective layer, and
growing a liner layer in the trench;
testing the stressed substrate using Raman spectroscopy at
a plurality of locations on the stress substrate; and
depositing a stress layer having a second stress on the
substrate, wherein the stress layer covers devices of the
active pixel cell that are on the substrate and the devices
include a photodiode next to the STI and a transistor, and
the deposition of the stress layer results in the second
stress being exerted on the substrate, the second stress
countering the first stress.

13. The method of claim 12, wherein growing the liner
layer comprises growing the liner layer at a temperature rang-
ing from 900° C. to 1100° C. using an oxygen-containing gas.

14. The method of claim 12, wherein growing the linear
layer comprises growing the liner layer to a thickness ranging
from 25 Angstroms to 250 Angstroms.
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15. The method of claim 12, wherein forming the STI
structure further comprising performing an anneal process
following growing the liner layer, wherein the anneal process
is performed at a temperature ranging from 900° C. to 1100°
C. in an inert environment.
16. The method of claim 15, wherein filling the STT struc-
ture further comprising filling the trench with an oxide mate-
rial using a high density plasma process following the anneal
process.
17. The method of claim 12, wherein testing the stressed
substrate comprises using a Raman spectroscopy having a
scanning width of each location of the plurality of locations is
about 1 micron.
18. A method of preparing an active pixel cell on a sub-
strate, comprising:
exerting a first stress on the substrate by forming a shallow
trench isolation (STI) structure in the substrate;

determining a magnitude or direction of the first stress by
collecting Raman peak shift data at a plurality of loca-
tions on the substrate;

selecting a stress layer based on the determined magnitude

and direction of the first stress; and

depositing the selected stress layer, wherein the selected

stress layer exerts a second stress on the substrate
counter the first stress, and the deposited stress layer
covers a photodiode next to the STI and a transistor.

19. The method of claim 18, wherein selecting the stress
layer comprises creating a recipe for the stress layer based on
the collected Raman peak shift data.

20. The method of claim 18, wherein selecting the stress
layer comprises retrieving a recipe for the stress layer based
on the collected Raman peak shift data.

#* #* #* #* #*

10

15

20

25

30

12



